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(57)Abstract: 

PROBLEM TO BE SOLVED: To measure a contact angle with high 

accuracy by the Wilhelmy plate method by a method wherein a metal l- ^(au^+tias^ 

or semiconductor thin film which is formed on one face of a mica i 1 

substrate is covered with a self-organization monomolecular(SAM) film * 
containing a sulfur organic compound and the mica substrate is then 
cleaned. 

SOLUTION: Preferably, gold is vapor-deposited, to be in a thickness 
of about 1000 &angst;, onto one side of a mica substrate 1 which is 1 
cm wide, 2 cm high and 50 p,m thick, this assembly is immersed in, 
e.g. the 1 mmol ethanol solution of n- octadecane thiol, and an SAM 
film 2 such as a fold octadecane thiolate film or the like is formed. The 
mical substrate 1 is immersed in pure water or the like immediately 
after a mica exposed face 3 has been cleaned so as to become a 
clean face, it is displaced at a constant speed, a force F which is 
applied to a direction perpendicular to the substrate is measured by a microbalance or the like, and the 
contact angle a1 of the face of the SAM film 2 is computed by a prescribed numerical formula. When the 
substrate is tilted, a measuring error may be generated. However, when the substrate is loaded with a loa 
so as to eliminate its inclination, the problem can be solved. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3 in the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The measuring method of the dynamic contact angle which forms the thin film of a metal or a semiconduc 
in one side of a mica substrate, covers the self-organizing monomolecular film of a sulfur-containing organic molecu 
with dip coating or an evaporation adsorption process on it, subsequently carries out the cleavage of the mica expose 
surface of a mica substrate, and is characterized by for one side preparing the mica substrate of self-organizing 
monomolecular-film covering, and measuring the dynamic contact angle of the self-organizing monomolecular film 
this mica substrate by the WIRUHERUMI plate method. 

[Claim 2] The measuring method of the dynamic contact angle according to claim 1 which measures by adding only 
load to which a substrate does not incline to the aforementioned mica substrate which has self-organizing 
monomolecular-film covering on one side. 



[Translation done.] 



'* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 * * * # s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the measuring method of the contact angle o 
self- organizing films, such as metal thio RATO. It is related with the method of measuring in more detail the contact 
angle on the front face of a monomolecular film of the sulfur-containing organic molecule on the metal deposited on 
one side of a mica substrate, or a semiconductor thin film by the WIRUHERUMI plate method. 
[0002] 

[Description of the Prior Art] The monomolecular film which surfaces of metal including gold are made to chemisor 
sulfur-containing organic molecule, and is produced is called self-organizing film (it is called Self- Assembled 
Monolayers and a following SAM film), and attracts attention in recent years. Research is broadly advanced now on 
grounds that the golden thio RATO SAM film especially using a golden substrate and thiol compounds has the very 
good stability of that the monomolecular film which only carried out fixed time neglect and carried out molecular 
arrangement of the golden front face highly the bottom of sulfur-containing organic molecule atmosphere or into the 
dilute solution is obtained and a golden atom, and the film made by adsorption by the chemical reaction between thio 
groups. Although the Langmuir BUROJIETTO method (henceforth the LB method) is in similar monomolecular-film 
technology, it receives moving to a glass solid-state substrate by mechanical technique (accumulation operation) in t 
monomolecular film formed in the water surface by the LB method, and the equipment for moving a film for direct 
film formation on the front face of a solid-state by spontaneous adsorption and the self-organizing process is 
unnecessary by the SAM film. Moreover, by the LB method, it is checked experimentally that the interaction betwee 
molecule-substrates influences a film formation process by the SAM film to molecular arrangement control based on 
the interaction between molecules mainly being performed, for example, a thiol molecule grows epitaxially accordin 
to the crystal structure of a substrate when a substrate is a metal single crystal (for example, Langmuir, ten volumes, 
2853, or 3383 (1994)). the use a SAM film is [ use ] as a patterning substrate by lithography technology, such as an 
electrode ornamentation film in the case of adsorption of protein, an insulator layer, and a photograph, an electron ra 
an X-ray, while the use as processing technology on front faces of a solid-state, such as adhesion, anticorrosion, 
wetting, and a tribology (friction - lubricous), is expected is considered 

[0003] although the appraisal method for knowing the state of a monomolecular film where it stuck to such a solid-s 
front face has observation under a contact angle method, X-ray photoelectron spectroscopy (XPS), an infrared 
reflective absorption process (FTIR-RAS), and a scanned type probe microscope etc. « inside — a contact angle meth 
-- measurement ~ simple ~ "— since it gets wet and the deep information on relation is acquired by the practicality " 
has been used as central evaluation technology Evaluation there are static (system is fully left and it measures in stat 
where it resulted in stable state) measurement measured by equilibrium, and dynamic (it measures changing 
immediately after changing state of system) measurement measured by non-equilibrium as measurement of a contact 
angle, and concerning [ concerning surface density by static measurement / measurement ] surface homogeneity, 
surface molecule dynamics, etc. by dynamic measurement can be performed. 

[0004] It roughly divides into the measuring method of the contact angle of a solid-state flat-surface substrate, and 
hangs for it with a sessile drop method, and there are two of plating method in it. As shown in drawing 2 , a sessile 
drop method drops a suitable quantity of the drop 6 on the front face of the solid-state flat-surface substrate 5 placed 
horizontally, and measures directly the angle theta which a substrate 5 and a drop 6 make. On the other hand, in 
lowering plating method, as shown in drawing 3 , the force F which is perpendicularly immersed in the solid-state fla 
surface substrate 5 into the liquid 7 put into the beaker etc., and measures directly the angle theta which a substrate 5 
and a liquid 7 make, or is perpendicularly committed to a substrate 5 is measured by the microbalance, and a contact 
angle theta is computed from the relational expression (F=2L-gammaLV-costheta) of the width of face L of surface 
tension gammaLV of this force F and a liquid, and a substrate The method of computing the latter contact angle amo 



lowering plating method is called WIRUHERUMI plate method (the Wilhelmy Plate method). In order to measure th 
force concerning a substrate mechanically in the case of a WIRUHERUMI plate method and to compute a contact 
angle from the value, compared with other methods which the reading error (human error) by viewing produces, the 
reliability of a measurement result is high, and there are also few errors. Moreover, compared with the touch area 
(liquid-******) of a liquid and a substrate, although it is easy to be influenced to the gas-liquid interface of a surface 
active substance of movement to the touch area (liquid-******) of a substrate and a drop by the sessile drop method 
since the surface area (gas-liquid interface) of a drop is of the same grade when the surface active substance which is 
easy to move to a gas-liquid interface is contained in the substrate, for example, since it is far large, as for lowering 
plating method, a liquid surface area (gas-liquid interface) cannot such be influenced easily Furthermore, when 
performing dynamic measurement, interface traverse speed can be easily controlled by lowering plating method by 
raising or reducing a substrate by motorised etc. to one with it very difficult [ to control the interface traverse speed 
when changing the size of a drop or leaning a substrate by the sessile drop method ]. 

[0005] By the way, although an amorphous golden thin film can be formed when carrying out the vacuum evaporatio 
of the golden thin film on the former, for example, glass, it is difficult to give uniform film formation to both sides. I 
difficult to form the thin film of the same character as both sides, in order that temperature, speed, etc. may be 
controlled further in the case of the golden monomolecular film used for the aforementioned golden thio RATO SAM 
film formation and it may perform them, and since destruction and contamination also tend [ very ] to take place by 
contact, it is still more difficult to exchange the front reverse side and to cover to both sides. Therefore, the solid-stat 
substrate which has a golden thio RATO SAM film is an unsymmetrical substrate which has a SAM film only on on 
side, and, as for one side, contamination is not avoided any longer in the processes (being solution immersed, neglec 
under gas atmosphere, etc.) of thiol adsorption. However, the contact angle of such a solid-state substrate has not bee 
measured with the contact angle measuring device using the commercial WIRUHERUMI plate method, and analysis 
software, for this reason, the front face of sulfur-containing organic molecule SAM films including a former and gol 
thio RATO SAM film - evaluation by the contact angle of a character was performed only by the static measuremen 
by the sessile drop method However, by that the way of a WIRUHERUMI plate method has a high precision, and sta 
measurement, as described above, since evaluation of surface heterogeneity etc. was not completed, development of 
method of measuring the contact angle of a sulfur-containing organic molecule SAM film by the WIRUHERUMI pi 
method was demanded. 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, this invention aims at providing only one side with the method 
of measuring the contact angle of the solid-state flat-surface substrate which has a sulfur-containing organic molecul 
SAM film with a sufficient precision by the WIRUHERUMI plate method. 
[0007] 

[Means for Solving the Problem] As a result of inquiring wholeheartedly in view of the above-mentioned technical 
problem, by using a mica substrate for a solid-state flat-surface substrate, and carrying out the cleavage of the mica s 
which does not have a SAM film just before performing contact angle measurement after SAM film formation, this 
invention persons find out that a contact angle can be drawn from fixed relational expression by the WIRUHERUMI 
plate method, and came to make this invention based on this knowledge. Namely, this invention forms the thin film o 
metal or a semiconductor in one side of (1) mica substrate, covers the self-organizing monomolecular film of a sulfu 
containing organic molecule with dip coating or an evaporation adsorption process on it, and, subsequently carries o 
the cleavage of the mica exposed surface of a mica substrate. The measuring method of the dynamic contact angle 
characterized by for one side preparing the mica substrate of self-organizing monomolecular-film covering, and 
measuring the dynamic contact angle of the self-organizing monomolecular film of this mica substrate by the 
WIRUHERUMI plate method, And the measuring method of the dynamic contact angle given in (1) term which 
measures by adding only the load to which a substrate does not incline to the aforementioned mica substrate which h 
self-organizing monomolecular-film covering on (2) one side is offered 
[0008] 

[Embodiments of the Invention] First, the method of prod ucing the mica substrate for measurement used in this 
invention method is described. Although there is especially no limit except being the flat-surface substrate which the 
mica substrate used by this invention can carry out the cleavage of the mica exposed surface just before contact angl 
measurement, and can be made into a pure side, it is desirable that thickness uses 3% or less of thing of width of face 
that the force which requires the thickness of a substrate for a substrate at the time of contact angle measurement ma 
not be influenced. Moreover, since it is possible that the force horizontal to a substrate makes ******** and a substr 
incline at the time of measurement, and an error is induced for the asymmetry of a substrate, although the considerat 
which makes this error the minimum may be required, by the size and the weight which are usually used as a substra 
of SAM film production, the inclination of such a substrate and sale through illegal channels are not seen. Moreover 



this problem is easily solvable by adding a load to a substrate and losing the inclination of a substrate. The thin film 
a metal or a semiconductor is first formed in one side of this mica substrate. For example, it is cooled and produced b 
the room temperature, after carrying out the vacuum evaporationo of the gold under temperature and evaporation-rat 
control after first carrying out the prebake (it heats fixed time at the elevated temperature of 500-600 degrees C in or 
to defecate a mica cleavage plane) of the mica cleavage plane within an ultra-high- vacuum chamber (10-7 - 10-9Tor 
and carrying out annealing processing at an elevated temperature again after that, when forming a golden single crys 
film on a mica substrate. Although the optimum temperature of the substrate at the time of vacuum evaporationo is 
usually within the limits of 300-400 degrees C and being somewhat changed with an evaporation rate and a degree o 
vacuum, since the optimum-temperature range is narrow, an about **5-degree C delicate temperature control is need 
For this reason, usually, a mica substrate is set so that the heater for substrates may be contacted from a tooth back at 
homogeneity, and the vacuum evaporationo of the gold is carried out only to one side. As for a golden single crystal 
side, exchanging the front reverse side, since it is tended to carry out contact destruction and surface contamination, 
and already carrying out vacuum evaporationo also to one side is not usually performed, 

[0009] As an example of the metal on the substrate in this invention method, silver, copper, platinum, mercury, iron, 
iron oxide, etc. are raised other than the aforementioned golden single crystal film, and especially gold is desirable. ' 
Moreover, GaAs, InP, etc. are raised as an example of a semiconductor. Being able to form a thin film on a mica 
substrate by the methods that all are usually performed, such as vacuum evaporationo, thickness is usually several 
100A - 100 micrometers of numbers. Thus, the SAM film which is the measuring object of a contact angle is formed 
the methods of the usual self-organizing film formation, such as an evaporation adsorption process (vacuum 
evaporationo is also included) which carries out fixed time neglect of the mica substrate which has the produced met 
or semiconductor thin film on one side under sulfur- containing organic molecule atmosphere, and dip coating which 
carries out being fixed time immersed into the sulfur-containing organic molecule dilute solution, and conditions. Th 
time of SAM film formation is usually several minutes - 24 hours, when it floods with the solution of lmmol, and th 
monomolecular film of the thickness of chain length is obtained. 

[0010] The organic molecule which the sulfur-containing organic molecule in this invention is an organic molecule 
which has sulfur-containing functional groups, such as a thiol (-SH) machine, a disulfide (-S-S-) machine, a 
monosulfide (-S-) machine, and a thiophene, and has a thiol group or a disulfide machine is desirable, and the organi 
molecule which has especially a thiol group is desirable, the carbon numbers 1-22 which may have a substituent as a 
organic molecule - desirable - the straight chain of 4-18, or the aliphatic saturation alkyl of branching » The pheno 
machine which an aliphatic unsaturation alkyl etc. may be raised and may be further replaced as a substituent, The 
fluoro alkyl group of carbon numbers 1-22, a carboxylic-acid machine, the amino group, a cyano group, Living body 
related substances, such as an amide group, an ester machine, a sulfonic group, a halogen atom, pyridine machines (a 
BUROMO machine, a chloro machine, iodine machine, etc.), a peptide machine, a ferrocene machine, various polym 
chains, protein, and a nucleobase, etc. are raised. As an example of the sulfur-containing organic molecule in this 
invention, an OKUTA decane thiol, an azo phenoxide decane thiol, a perfluoro-octyl pentanethiol, a butane thiol, a 
hexane thiol, an octane thiol, a dodecane thiol, dioctadecyl disulfide, a cysteine, cystamine, a thiophene, a mercapto 
octadecyl amine, a mercapto OKUTA decanol, a mercapto OKUTA decanoic acid, etc, are raised, for example. 
[001 1] Next, this invention method is explained with reference to drawing 1 . Drawing 1 is the total Ftotal of the fore 
which is explanatory drawing of the measurement principle of this invention method, is flooded with the liquid 4 put 
into the beaker etc, like the conventional lowering plating method in the mica substrate 1 which has the sulfur- 
containing organic molecule SAM film 2 on one side, and is applied at right angles to a substrate 1. It measures by 
mechanical means, such as microbalance. Total of this force is the weight (mg) of the force (F) applied to a substrate 
with surface tension, and a substrate 1, and the sum of buoyancy (deltarhogV), as expressed with the following form 

Ftotal = F + mg + deltarhogV (1) 

Here, the force concerning the perpendicular method is expressed by the following formula (2) to a substrate 1 by the 
surface tension of a liquid 4 in the front face of the sulfur-containing organic molecule SAM film 2. 
FSAM = L-gamma LV-cos theta 1 (2) 

((The width of face of a substrate 1 and gammaLV express the surface tension of a liquid 4.) In L, theta 1 expresses t 
contact angle of the metal thio RATO SAM film 2.) 

Moreover, the force concerning the perpendicular method is expressed with the following formula (3) to the mica 
exposed surface 3 which does not have a SAM film with the surface tension of a liquid 4. 
Fmica = L-gamma LV-cos theta 2 (3) 

(theta 2 expresses the contact angle of the mica exposed surface 3.) Therefore, perpendicularly, ******** F is 
expressed by the substrate 1 by the surface tension of a liquid 4 by the following formula (4). 
F = FSAM+ Fmica = L-gammaLV- (costhetal + costheta2) (4) 



In addition, it is desirable to make thickness of a mica substrate into 3% or less of the width of face L as it described 
above in this invention so that the influence of the thickness of a substrate could ignore substantially and the above- 
mentioned formula (4) might be materialized in approximation. Therefore, if the width of face L of the contact angle 
theta 2 of the mica side which carried out the cleavage, surface tension gammaLV of a liquid 4, and a substrate 1 is 
beforehand measured from the above-mentioned formula (1) and the formula (4), it will be the contact angle theta 1 
the sulfur-containing organic molecule SAM film 2. It is computable. 

[0012] What can be used about the conventional WIRUHERUMI plate method can be similarly used for the method 
and equipment for measurement of the force concerning being immersed [ liquids / of a substrate / above ], and a 
substrate. Moreover, measurement of a dynamic contact angle can be performed by moving a substrate under speed 
control by motorised etc. like the conventional WIRUHERUMI plate method. 

[0013] The liquid which can be used in this invention method is theta 2, when especially pure water is used, although 
was water, an organic solvent (for example, a lower alcohol, a hexadecane, Deccan, bicyclo hexyl-l-BUROMO 
naphthalene), etc. It is 0 substantially and the above-mentioned formula (4) is expressed with the following formula 

F = L-gammaLV- (costhetal + 1) (5) 
[0014] 

[Example] Next, this invention is further explained to a detail based on an example. 

[0015] The vacuum evaporationo of the gold was carried out by 1000A in thickness, it flooded with lmmol ethanol 
solution of an n octadecane thiol (C18H37SH) for 1 hour, and the golden OKUTA decane thio RATO SAM film wa 
formed in one side of a mica substrate with an one-piece example [ 1cm ] x height [ of 2cm ] x thickness of 50 
micrometers. It was under pure water (distillation after the ion exchange) immediately after carrying out the cleavage 
the mica exposed surface, and making this mica substrate into a pure side, the variation rate was carried out by const 
speed, the force perpendicularly applied to a substrate was measured by the microbalance, and the contact angle of a 
SAM film surface was computed from the aforementioned formula (I) and (5). The obtained hysteresis curve is show 
in drawing 4 . It is the graph which drawing 4 made the horizontal axis the variation rate (mm) of a substrate, made t 
vertical axis the contact angle (degree), and plotted the measurement result, and when the graph upper part makes a 
variation rate carry out in the advance direction, the result when the lower part makes a variation rate carry out in the 
retreat direction is shown. Advance and retreat performed measurement twice. Consequently, the value of the angula 
advance of 1 12** 1.5 degrees and the angle of sweepback of 100.5** 1.5 degrees was acquired as a dynamic contact 
angle of the above-mentioned golden thio RATO SAM film. Although angular advance is mostly in agreement with 
contact angle by static measurement, the aforementioned value carried out simultaneously coincidence with the valu 
of the examples of a report of static measurement (for example, a Angew.Chem.Int.Ed.Engl. magazine, 28 volumes, 
506, etc. (1989)). Moreover, even if angular advance compares with the value of about 90-100 degrees in an angle of 
sweepback the general contact angle of the alkyl chain front face chemisorbed in the substrate uniformly and with hi 
density in the example of measurement of a large number currently checked with the organic silane system compoun 
before and after 110 degrees, the result of this example serves as a value which is not contradictory. Moreover, in the 
only example of a report (Langmuir, ten volumes, 1825 (1994)) which measured the dynamic contact angle by the 
sessile drop method, angular advance has become 115 degrees, the angle of sweepback has become 105 degrees, and 
is considered a value reliable even if it compares with this. 

[0016] The vacuum evaporationo of the gold was carried out to the same mica substrate as example 2 example 1 like 
the example 1, it flooded with lmmol ethanol solution of an azo (4-hexyl phenyl) phenoxide decane thiol for 1 hour, 
and the golden azobenzene thio RATO SAM film was formed. It was under pure water immediately after carrying ou 
the cleavage of the mica exposed surface, and making this mica substrate into a pure side, and the dynamic contact 
angle was measured like the example 1 . Advance and retreat performed measurement 3 times, the variation rate and 
vertical axis were plotted for the horizontal axis as a contact angle like the example 1, and the hysteresis curve of 
drawing 5 was obtained. Angular advance was 107.5**1 degree, and the angle of sweepback was 97**1 degree. 
[0017] The vacuum evaporationo of the gold was carried out to the same mica substrate as example 3 example 1 like 
the example 1, it flooded with lmmol ethanol solution of a perfmoro-octyl hexane thiol for 1 hour, and the golden 
fluoro alkyl thio RATO SAM film was formed. It was under pure water immediately after carrying out the cleavage 
the mica exposed surface, and making this mica substrate into a pure side, and the dynamic contact angle was measu 
like the example 1 . Advance and retreat performed measurement 3 times, the variation rate and the vertical axis were 
plotted for the horizontal axis as a contact angle like the example 1, and the hysteresis curve of drawing 6 was obtain 
Angular advance was 120**1 degree, and the angle of sweepback was 1 13**1 degree. In this result, the report (an 
Angew.Chem.Int.Ed.Engl. magazine, 28 volumes, 506 (1989)) of the 1 18-degree past is carrying out simultaneously 
coincidence of the angular advance of a golden fluoro alkyl thio RATO SAM film. Moreover, also about the hystere 
the difference of angular advance and an angle of sweepback was very as small as 7 degrees, and the result which is 



'contradictory to the high-density and stable chemisorption membrane structure expected from the chemical structure 
was obtained. 
[0018] 

[Effect of the Invention] According to this invention method, the dynamic contact angle of a sulfur- containing organ 
molecule SAM film front face can be measured in a high precision using the mica substrate which has a sulfur- 
containing organic molecule SAM film only on one side. In this invention, by using a mica for a substrate, a mica 
exposed surface can be made into a pure side simple by the cleavage in front of measurement, and a contact angle ca 
be measured, without being influenced at a metal or the rear face at the time of semiconductor thin film formation an 
sulfur- containing organic molecule SAM film formation of contamination. Moreover, a mica cleavage plane has high 
smooth nature, and since it is inactive chemically, the contact angle stabilized to any liquids is obtained, and it can 
perform exact measurement. Since the contact angle of a SAM film can be computed by making the contact angle of 
mica exposed surface into zero when it is under pure water and measures especially a substrate, a contact angle with 
high precision can be obtained simple. 



[Translation done.] 



* NOTICES 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3 in the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is explanatory drawing of the principle of the contact angle measurement by this invention method. 
[Drawing 2] It is explanatory drawing of the principle of the contact angle measurement by the sessile drop method. 
[Drawing 3] It is explanatory drawing of the principle of the contact angle measurement by lowering plating method 
[Drawing 4] It is the graph which plotted [ the dynamic contact angle measured in the example 1 ] the variation rate 
the vertical axis for the horizontal axis as a contact angle. 

[Drawing 5] It is the graph which plotted [ the dynamic contact angle measured in the example 2 ] the variation rate 
the vertical axis for the horizontal axis as a contact angle. 

[Drawing 6} It is the graph which plotted [ the dynamic contact angle measured in the example 3 ] the variation rate 
the vertical axis for the horizontal axis as a contact angle. 
[Description of Notations] 

1 Mica Substrate 

2 Sulfur-containing Organic Molecule SAM Film 

3 Mica Exposed Surface 

4 Liquid 

5 Substrate 

6 Drop 

7 Liquid 
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DRAWINGS 



[Drawing 1] 




[Drawing 4] 
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[Drawing 6] 
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